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Smear layer associated with endodontic therapy is very thin, amorphous, 
composed of organic and inorganic substances. It blocks the radicular dentinal 
tubules and interferes with the bonding of the materials used for obturation. This 
also leads to reducing the exposure of tubular dentin to the action of irrigant 
solutions. The ramifications of the canal system are also blocked and not effectively 
cleansed. During the process of canal preparation the cervical, middle and the apical 
thirds have easy, fair and difficult access respectively. This kind of variation in 
accessibility of the canal system to different parts of the root is brought about by 
anatomical restrictions. 
The first description of smear was by Eick et al in 197031 as consisting of 
0.5 to 1.5µm sized particles and an additional layer of debris resulting in a thickness 
of 2-5µm. This also extends a few micrometers into dentinal tubules. 
(Brännström.M et al in 1974)11 
Mc Comb and Smith in 197552 described the presence of smear layer on 
instrumented canal surfaces. They also contained dentinal debris, fragments of 
odontoblastic processes, necrotic debris, pulpal tissue remnants, microorganisms and 
their byproducts. Mader et al in 198451 described smear layer as made up of 
different component structures namely, a superficial and a deeper layer of smear. 
The smear packing was observed up to a depth of 40µm. The cutting action  of the 
rotary instruments were responsible for this tubular packing observed. They can also 
propel components of the smear into adjacent radicular dentin for varying distances 
forming smear plugs. (Brännström.M et al 1980)12 
The adhesive forces between the tubules and smear result in capillary action 
aiding tubular penetration of smear. (Cengiz et al 1990)17  Aktener et al in 19892 
observed that this capillary action hypothesis possibly explains the tubular packing 
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phenomenon of smear upto depths of 110µm into the tubules when using surface 
active agents within the canal during endodontic canal preparation.  
The generation of smear is inevitable during root canal instrumentation 
regardless of the instrument or technique followed. The nature of instruments used 
within the canal determine the type of smear generated. Canal preparations without 
the production of smear has been attempted by using a special non-instrumental 
hydrodynamic canal preparation technique. (Lussi et al 1993)50 
Miller WD 189454 observed that microorganisms were first identified by Van 
Leeuwenhoek in 17th century and were the reason for the pulpal and peri-radicular 
diseases. The presence of intraradicular microorganisms is a crucial factor in 
influencing endodontic treatment outcomes. They have also identified the type of 
microorganisms present in different kinds of infection scenarios.  Microorganisms 
can not only remain viable but also multiply within the layer of smear and penetrate 
deeper into the tubular structure of radicular dentin. The root canal ramifications are 
colonized by microorganisms once the process of infection sets in. Shovelton DS 
196472 in their study pointed out that they were identified in dentinal tubules as far 
as halfway through the root dentin of teeth which were infected. The 
microorganisms and their byproducts present can pass via the apical and accessory 
foramina into the periapical and periradicular areas leading to spread of infection. 
The presence of smear can prevent the effective tubular penetration of intracanal 
medicaments. The effectiveness of  the bond between the sealer and root canal walls 
is one important  factor which affects the prognosis of endodontic therapy. 
The effect of presence of radicular smear on apical and coronal seal of the 
obturated canal has been evaluated. The smear should be completely removed from 
within the canal system as it can harbour microorganisms and cause microleakage. 
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White et al 1987 83 suggested that this also enhances sealer penetration into dentinal 
tubules. Some authors have suggested that maintaining the smear may block the 
dentinal tubules by altering dentinal permeability. (Safavi et al 1990)66 Diamond & 
Carrel 198429 proposed that smear blocks the microbes and their metabolites  from 
entering dentinal tubules of the canal system. 
There has been an enormous amount of debate and research on the merits 
and demerits of removing the smear layer before root canal obturation. A mid 
pathway of modifying the smear in a way that it becomes completely resistant to 
dissolution and disintegration which results in sealing the tubules has been 
conceptualized. (A.P. Tikku et al in 2011)75 Various methodologies have been 
suggested for elimination of smear from within the root canal system. They are 
primarily chemicals used as solutions in different concentrations, Sonics, 
Ultrasonics, and LASERS either individually or in combination with appropriate 
root canal preparation methodologies. (Violich D R et al 2010)81 Of late there has 
been an interest in finding smear removal solutions which are biocompatible. 
Various irrigant solutions derived from chemicals like organic acids, sodium 
hypochlorite, EDTA, MTAD for smear removal.  Irrigant activation, irrigant 
delivery, and use of proper agitation techniques contribute to successful endodontic 
therapy. (Gu et al in 2009)34  
The volume and depth of delivery of the irrigant are vital parameters as they 
contribute to a cleaner canal system. The method of delivery of the irrigant comes 
next. (Howard et al in 2011)37 EDTA has been used as a chelating agent for 
negotiating difficult and curved canals. EDTA as an irrigating solution has been 
shown to effectively remove the smear layer (Violich D R & Chandler N.P in 
2010)81 Pong-Yin Ng-B in 200460 in their study observed that use of ozone, photo 
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sensitization and electrical impulse techniques aid elimination of microorganisms,  
and smear within canal systems. 
The constant increase in antibiotic resistant microbial strains, adverse effects 
of synthetically manufactured drugs, as also the hazards associated with synthetic 
chemicals used as irrigants irrigants have made researchers look for safer, patient 
friendly herbal alternatives. These products would be very ideal if they are able to 
remove smear effectively, economical to use, and are biologically compatible. A 
number of herbal products have been tried as irrigants for the canal system. Some of 
them possess good antimicrobial property also. 
Morinda citrifolia, commonly known as noni or Indian mulberry, is 
considered as important in folk medicine. Its extract contains the antibacterial 
compounds alizarin and L-asperuloside. It also has a broad range of therapeutic 
effects and its use as a root canal irrigant might be advantageous as it is a 
biocompatible antioxidant and not likely to cause severe injuries such as sodium 
hypochlorite accidents. (Assi et al in 2018)5 
Noni fruit contains numerous iridoids, like asperuloside, asperulosidic acid, 
,deacetylasperulosidic acid, organic acids like capric and caprylic acids, and the 
principal alkaloid is xeronine. Research has demonstrated the antimicrobial, 
anticancer, antioxidant, anti-inflammatory, analgesic, and cardiovascular activity of 
morinda citrifolia (Chan-Blanco Y et al in 2018)19 
Sodium hypochlorite is an universally accepted irrigant of choice. However, 
inadvertent injection beyond the apex of the root can result in untoward violent 
tissue reactions such as acute inflammation followed by necrosis. (Kleier DJ et al in 
2008)44 Hypochlorite preparations show far greater tissue dissolving effects on 
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necrotic than on vital tissues. Concentration as low as 1:1000(v/v) sodium 
hypochlorite in saline caused complete hemolysis of red blood cells invitro. 
(Pashley  EL et al in 1985)57 Even very small amounts of irrigant extrusion into the 
periradicular tissues can cause severe reactions. Keeping this is mind, finding a 
biocompatible irrigant solution which can also be effective at smear removal is 
necessary. 
This study aims to compare the intracanal smear removal ability of solutions 
of various concentrations of Morinda citrifolia, 5% sodium hypochlorite and 10% 
citric acid when used in specific irrigant protocols. 
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The effect of removal of smear layer on the diffusion permeability of human 
roots was evaluated invitro by Galvan et al in 199432 and they observed a statistically 
significant difference between the three groups in the study. A decrease in diffusion 
permeability of root to Tritated water was noted immediately after smear layer removal 
and the highest permeability was recorded after storage in the deionized water for 2 
months. The model used in this study would allow researchers to study the diffusion 
permeability of a wide range of endodontic medicaments. 
The canal walls evaluated by Torabinejad et al in 200377   MTAD  was used as a 
final rinse, to remove the smear layer. The effectiveness of MTAD to completely remove 
the smear layer is enhanced when low concentration of sodium hypochlorite is used as a 
root canal irrigant before use of MTAD as a final rinse. They observed that though 
MTAD removes most of the smear layer when used as an intracanal irrigant, some of the 
remnants of the organic component of the smear layer remain scattered on the surface of 
the root canal walls. The authors suggested employment of 1.3% sodium hypochlorite 
during instrumentation because of decreased toxicity and adverse reactions and no 
statistically significant differences were observed between the various concentrations of 
sodium hypochlorite with MTAD as final rinse in the removal of smear layer. 
The effect of EDTA (Ethylene Diamine Tetra Acetic acid), CDTA (1,2, 
Cyclohexane Diamine Tetra Acetic acid), EGTA (Ethylene Glycol Tetra Acetic acid) 
and citric acid on the de-mineralization of  radicular dentin in a in-vitro setting studied by  
Galvao et al in 200533  and  concluded that 1% citric acid solution was most effective for 
radicular dentin calcium ion extraction. They also observed that citric acid at neutral pH 
did not significantly change the calcium content of radicular dentin. Lower 
concentrations of EDTA and EGTA were found to be more effective than CDTA. 1% 
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EDTA and 1% EGTA had a similar demineralization effect. They recommended the use 
of combinations of solutions of sodium hypochlorite and decalcifying agents because no 
single irrigating solution is capable of removing both the organic pulpal material and 
predentin as well as demineralizing the inorganic portions of the radicular dentin. They 
suggest that the acidity of these solutions could be removed by final flushing with 
distilled water or saline, control of exposure time and subsequent use of calcium 
hydroxide sealers. 
Perez H M et al in 200658 compared the effectiveness of different acid irrigating 
solutions after hand and rotary instrumentation for canal cleanliness in an in-vitro setting 
and observed that 2.5% sodium hypochlorite did not remove smear layer or debris. No 
significant differences in debris were observed between manual and rotary 
instrumentation techniques. Acid solutions used for irrigation were 15% citric acid, 15% 
Ethylene Diamine tetraacetic acid, and 5% orthophosphoric acid. When the  acid 
solutions were used with 2.5% sodium hypochlorite alternatively during preparation and 
2.5% sodium hypochlorite as a final rinse post instrumentation procedures, smear layer 
and debris were effectively eliminated. There was no statistically significant difference in 
smear layer removal between techniques used in this study. 
In a in-vitro study of the microporous, demineralised collagen matrices in 
radicular dentin as a result of the use of common calcium depleting endodontic irrigants, 
Tay et al in 200773 observed that it is difficult to simultaneously remove smear layer and 
render dentinal tubules patent without demineralising dentin. The presentation of a 
demineralised collagen matrix might be viewed as a consequence of use of calcium 
depleting irrigants as final rinses during endodontic therapy. Smear layer removing 
endodontic irrigants (EDTA and Biopure MTAD) were evaluated in this study. These 
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collagen matrices have a role in the bonding of sealer to canal walls, and effective 
distribution of stresses.  
Murray et al in 200856 compared Morinda citrifolia juice with sodium 
hypochlorite and chlorhexidine gluconate for radicular smear removal The authors found 
the efficacy of morinda citrifolia was similar to sodium hypochlorite when used in 
conjunction with EDTA as an endodontic irrigant. The authors observe that the first fruit 
juice which has got a potential as a possible alternative to the use of sodium hypochlorite 
when irrigating the canal system is morinda citrifolia. 
Bronnec et al in 201013  in a ex-vivo study evaluated the efficacy of irrigant 
penetration into curved canals. The authors concluded that the variables 'apical taper', 
'volume of irrigant used', 'corono-apical level of needle tip placement', and 'needle tip 
design' influenced on outcome of irrigation penetration. The authors concluded that only 
active irrigation allowed total penetration and irrigant exchange. For syringe irrigation 
alone, the depth of placement of the needle tip in the root canal was the most dominating 
factor. 
            Caron et al in 201015 compared the effectiveness of different final irrigant 
activation protocols on removal of smear layer from curved canals in an in vitro study 
and observed that the activation of irrigating solutions resulted in cleaner canals. In this 
study, an automated dynamic activation (rinsendo system), manual dynamic activation 
and endoactivator were the methods used for activation. They observed that a tapered 
activator that adapts closely to the dimensions of a shaped canal is most effective i.e., the 
master gutta percha cone and endoactivator. The irrigant activation protocols used in this 
study were different with a second activation and apical one third of the samples shaped 
Review of Literature 
9 
 
to 10% to enhance irrigation exchange and efficiency. They suggest that the results be 
interpreted with caution as a large standard deviation was observed and is transposable to 
clinical practice. 
Haapsaalo M et al in 201035 have reviewed various irrigation protocols in 
endodontic procedures and has discussed the irrigants, their interactions, and protocols 
for combining them effectively. They have dealt with the chelating agents used as 
irrigants and emphasised a detailed understanding of the mode of action of various 
solutions for effective and optimal irrigation. They also discussed various devices used 
for irrigation procedures which are safer and prevent the extrusion of the irrigant from 
within the confines of the canal system.  
The effect of the influence of the final rinse technique on the ability of 17% 
EDTA (Ethylene Diamine Tetra acetic Acid) on the removal of smear layer was 
evaluated by Mello et al in 201053 in an in vitro study. They concluded that a continuous 
three minute rinse of 5ml of 17% EDTA can effectively remove smear layer from all 
areas of root canals. They recommended the use of the decalcifying agent EDTA as a 
final rinse with the aim of effectively removing the radicular smear layer. The volume of 
EDTA and the duration of exposure used in this study did not cause significant undesired 
alteration in the radicular dentinal structure. 
Tay F R et al in 201073 examined the effect of vapor lock on the canal 
debridement efficiency in a in vitro setting. They used a hypothesis that there is no 
difference between a closed and a open system design in smear and debris removal. They 
concluded that the presence of a apical vapor lock effect adversely affects the efficacy of 
debris removal. They observed that the current results are applicable only to side vent 
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needle delivery and cannot be interpreted to other irrigant delivery or activation systems 
like ultrasonic, sonic or negative suction devices. They suggest that use of a manual 
dynamic activation could prevent vapor lock at the apex. The lack of irrigant replacement 
at apex when vapor lock was present, as well as the collagen matrix which traps debris in 
other areas of canal would possibly be the reason why more debris was found in a closed 
system design. 
Violich D. R. & N. P. Chandler in 201081 in a review of smear layer observed 
that root canal instrumentation produces a layer of organic as well inorganic material 
called the smear layer. It also contains microorganisms and their by-products. This layer 
interferes with the adaptation of filling materials to root canal walls. This also prevents 
the intracanal medicaments from reaching the tubules. The consensus of opinion is that 
smear layer removal should enhance canal disinfection. Current methods of smear 
removal none of which are totally effective throughout the length of all canals or are 
universally accepted. The authors observed that smear can be effectively removed by 
alternate use of sodium hypochlorite and   ethylene diamine tetraacetic acid solutions. 
The authors suggest with further investigations to ascertain the role of the smear layer in 
influencing the outcomes of endodontic therapy. 
The effectiveness of debris removal in a in vitro setting  with three different 
irrigation techniques i.e., the Endovac,  Piezoflow or needle irrigation (Max-I-probe) was 
evaluated by Howard R K et al in 201137 in mesial roots of mandibular molars. The 
authors conclude that the irrigation technique evaluated with similar volumes of irrigant 
will significantly improve the canal and isthmus cleanliness and suggested that their 
results support previous studies that show the depth and volume of irrigation to be 
important factors. This helps efficient removal of debris and microorganisms more than 
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the method used. None of the techniques used in this study removed all the debris from 
the canal and isthmuses. 
The effect of different final irrigation activation nethods on radicular smear layer 
was evaluated by Saber S D et al in 201165 in an in-vitro setting in straight canals. The 
irrigation techniques used were passive irrigation, apical negative pressure irrigation 
technique (Endovac), manual dynamic activation, and passive ultrasonic irrigation. 
Apical negative pressure irrigation presented with statistically significant least smear 
scores. They concluded that apical negative pressure and manual dynamic activation 
resulted in better removal of smear layer than with passive ultrasonic irrigation and 
passive irrigation. The evaluation was done in vitro using a scanning electron 
microscopic analysis. The irrigant solutions used were 2.5% sodium hypochlorite as 
initial rinse and 17% ethylene diamine tetraacetic acid (EDTA) as a final rinse solution.  
Al-Ali M et al in 20123 evaluated the smear layer and debris removal 
effectiveness of four root canal irrigation protocols and efficiency in removing remaining 
soft tissues in curved root canals in a in vitro study. They concluded that the use of 
sodium hypochlorite in conjunction with hydrogen peroxide was effective in removing 
soft tissue debris from the apical third of the canals and that canal brushes were as 
effective as PUI in removal of smear and debris. The further recommend studies taking 
the volume of the irrigant and the configuration of the canal systems using these 
irrigation regimens. 
Andrabi et al in 20124 in an in vitro study compared the effectiveness of four 
different irrigation protocols on smear layer removal using a scanning electron 
microscope. The irrigants compared were 3% sodium hypochlorite, 17%  ethylene 
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diamine tetra acetic acid smear clear and bio pure MTAD. The authors concluded that 
Biopure MTAD was the most effective for smear layer removal in the apical one third 
section of the root canal system. The total irrigation time was 3 minutes for all solutions. 
They observe that smear layer was predominantly removed using chemical method of 
chelation using ethylene diamine tetra acetic acid. Smear clear was introduced for smear 
layer removal which has cationic cetrimide and anionic surfactant in addition to 17% 
ethylene diamine tetra acetic acid. Biopure MTAD is a mixture of tetracycline acid and 
detergent and has been advocated for smear removal, antibacterial action and 
substantivity. They observe that there is no single irrigation protocol which dictates the 
volume, time of exposure, mode of irrigant delivery or activation to achieve optimal 
results. 
Bolhari B et al in 201210 evaluated the efficacy of citrus aurantifolia extract on 
smear removal in root canals. The lime juice extract was compared with EDTA in 
different concentrations. Lime juice contains 88% water, 6-8% citric acid, 2% potassium 
citrate and calcium, 0.4-0.6% and other substances. Because citrus aurantifolia extract 
has citric acid, it is able to remove the smear layer and open the dentinal tubules. The 
authors used a completed and a alcoholic extract of citrus aurantifolia. Based on the 
results of this study the authors conclude that the extracts of citrus aurantifolia were 
unable to totally remove the smear from the canals and that 17% EDTA was superior and 
efficient at smear removal. 
The antimicrobial and the smear removal ability of plant extracts were evaluated 
by Costa EM et al in 201223 as an in-vitro study. Aroeira-da-praia and Quixabeira 
extracts used for this study and the anti-microbial action was evaluated against 
Enterococcus faecalis with agar well diffusion method. The extracts were prepared at a 
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concentration of 50% and a 3 ml volume was used during initial instrumentation. 
Quixabeira solution presented the best results in the apical one third of the root canal in 
terms of smear layer removal. 17% EDTA and 5% NaOCl presented the least removal of 
smear in the apical one third. The authors concluded that all extract solutions presented 
antimicrobial activity against Enterococcus faecalis and none of the solutions tested were 
able to completely remove smear in apical section of the root canal system. They also 
observed that there was a greater accumulation of smear in the apical one third. 
Hasheminia et al in 201236 in a comparative in vitro study evaluated the smear 
removal ability of two endodontic irrigants and Nd:YAG laser. The laser used was an 
optical fiber to reach the apical one third (300um) and had a exposure time of 40 
seconds. 5% maleic acid and 17% EDTA were the other irrigants tried. The irrigant 
volume was 5 ml and the exposure time was five minutes. The results of this study 
indicate that there was no statistical significance between the irrigants 17% EDTA and 
5% maleic acid. The authors observe that comparison between lasers and solutions for 
smear may not be appropriate as solutions dissolve smear but lasers melts, vaporize and 
re-crystallize smear. The laser used was less effective in removal of smear when 
compared to the irrigants and was statistically significant. The coronal and middle thirds 
were cleaner than the apical third among the groups in this study. 
The effect of variety of irrigating solutions on intra-radicular dentinal surfaces 
was evaluated in-vitro by Karunakaran J V et al in 201241 using scanning electron 
microscopy. Normal saline, de-ionised water, 17% EDTA, 5% sodium hypochlorite with 
and without ultrasonic agitation activation, 3% hydrogen peroxide, 2% chlorhexidine, 
MTAD with and without ultrasonic agitation were the irrigants with the respective 
agitation protocols. The authors observed that within the limitations of this study none of 
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the irrigants were able to attain a totally clean dentinal surface. The action of these 
irrigants on the dentinal surface was enhanced by ultrasonic agitation of the irrigant. 
They also observed that the pattern of surface alteration varies for each irrigant solution 
and those differences may have a negative or positive impact on the bonding 
characteristics of radicular dentinal surface. 
Kocani F et al in 201245 in one SEM study evaluated the effectiveness of 
manual, sonic and ultrasonic instrumentation with varying irrigation protocols on smear 
layer removal from canal walls in a in vitro study. The authors concluded that ultrasonic 
instrumentation was comparatively more effective in the apical one third of the canals. 
They observed that combined irrigation of 17% ethylene diamine tetra acetic acid and 
5.25% sodium hypochlorite was effective in removal of smear layer in the coronal and 
middle thirds of the canal. The apex was not closed in this study. 
Linan F.H. et al in 201247 in their in vitro study of erosion caused by EDTA on 
the radicular dentinal surface observe that the chelating agent not only removes debris 
efficiently but also erodes the radicular dentin through demineralization process resulting 
in excessive opening of the tubules leading to compromised seal of the radicular filling. 
They note that this leads to bacterial ingress and histic fluid filtration which ultimately 
leads to failure of endodontic therapy. They used 17% EDTA in their study and 
concluded that it altered the morphology of the canal walls and even with a exposure 
time of one minute it presented considerable erosion in the middle and apical thirds. This 
study reports erosion in the apical third which is as high as 57.5% and the authors 
suggest a exposure time of not more than one minute for the irrigant which they feel is 
more than sufficient for effective debris removal and preventing erosion of the dentinal 
tubules.         
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 In a ex-vivo study in 201249, Lofti M et al analyzed the actions of MTAD on 
smear removal on radicular dentinal surface when used as a final rinse. The results were 
analyzed using a scanning electron microscope. The initial rinse was 1.3% sodium 
hypochlorite with a exposure and instrumentation time of 10 minutes. The authors 
concluded that under the conditions of this study when 1.3% sodium hypochlorite was 
used as a initial rinse with instrumentation time of 10 minutes MTAD protocol of final 
rinse is not sufficient remove smear from the canals walls. The authors also observed that 
the use of 5.25% sodium hypochlorite and 17% ethylene diamine tetraacetic acid was 
more effective at smear removal.  
Bharadwaj A in 20139 assessed the efficacy of natural derivative irrigants, 
Morinda citrifolia, Aloe Vera and Propolis in comparison to 1% sodium hypochlorite 
with passive ultrasonic irrigation for removal of the intraradicular E. faecalis biofilms in 
extracted single rooted human permanent teeth. 1% NaOCl used along with passive 
ultrasonic irrigation was effective in completely removing E. faecalis biofilm as 
compared with morinda citrifolia and other natural irrigants. 
             Cehreli ZC in 201316 studied the effect of different irrigation regimens 
elimination of smear and erosion in laboratory and clinical conditions. The investigators 
concluded regardless of the irrigation system, the use of NaOCl alone failed to eradicate 
radicular smear layer. Where a combination of sodium hypochlorite and 17% EDTA 
were used, smear was partially or completely eliminated but was not statistically 
significant. They also recommend the use of EDTA as a final rinse regardless of the 
technique used. 
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  Mohammadi Z et al in 201355 reviewed the role of ethylene diamine tetraacetic 
acid (EDTA) in Endodontics and observe that EDTA has a strong chelating action by 
which it can bind to metals via four carboxyl groups and two amine groups. It is 
available as several salts. The authors note that it reduces dentin microhardness, reacts 
with chlorhexidine solution, are fairly biocompatible and cause decalcification when 
forced beyond the aped and interferes with the adhesion of the root canal sealer. 
Tomov G et al in 201376 reported a case of accidental citric acid (40%) injection 
into soft tissues during root canal irrigation procedure. The patient experienced pain, 
swelling in the right mandible, paraesthesia of the right lower lip and regional necrosis of 
the buccal mucosa. Six months after the accident, complete rebound of sensation was 
noted without any symptoms from the affected region. The patient was reassured and 
given analgesics and antibiotics immediately after the incident. Follow-up visits were 
scheduled to monitor the case. When symptoms of swelling and pain resolved, 
completion of endodontic treatment was decided. A perforating defect was considered 
responsible for the citric acid extrusion.  
Tyagi S P et al in 201380 observed that infections within the canal system are 
polymicrobial in nature and Candida albicans is a common fungus isolated from  
endodontic failures. The authors note that constant increase in antibiotic resistant strains 
and side effects caused by synthetic drugs has prompted researchers to look for herbal 
alternatives such as propolis, Morinda citrifolia and Azadirachta indica as sodium 
hypochlorite which is commonly used as a irrigant has disadvantages. The authors note 
that propolis can be used as a effective antifungal irrigant. 
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Das et al in 201427 evaluated alterations in microhardness of root dentin  by two 
novel irrigation regimens with conventional irrigation. 6% Morinda Citrifolia Juice and 
17% EDTA as initial and final rinses were used as a group and compared with other 
irrigants. The authors came to the conclusion that sodium hypochlorite and q-mix were 
least detrimental to root dentin microhardness compared to morinda citrifolia and 
conventional irrigation regimens. 
Kalluru R S et al in 201439 evaluated the microhardness of four different 
irrigating solutions 17% EDTA, 17% EDTAC, 5% Sodium hypochlorite and MTAD in a 
in-vitro setting. They concluded that the chelating irrigation solutions drastically reduced 
the microhardness of the radicular dentinal structure and could have other potential side 
effects. Sodium hypochlorite and MTAD did not have significant alterations on the root 
dentin microhardness and hence have recommended their use as irrigants. 
Poudyal et al in 201461 completed this study was aimed to evaluate the 
effectiveness of solution form of 17% ethylene diamine tetraacetic acid (EDTA) on 
radicular smear removal at different exposure times and to provide scientific basis for 
EDTA as a irrigant of choice in clinical practice. At 3 and 5 min of application, partial 
removal of smear layer was observed and at 1 min negligible removal of smear layer was 
achieved. It was concluded that combined irrigation with 17% EDTA and 2.5% NaOCl 
could remove the smear layer with no significant alteration in the structure of dentin 
when the chelating agent (EDTA) was applied for a duration of 7 min.  
Richa Wadhwan et al in 201463 reviewed traditional and new root canal 
irrigants used in Endodontics. They evaluated the desirable properties, ideal requirements 
and benefits of the root canal irrigants. They observe that none of the irrigants satisfy the 
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requirements of the ideal root canal irrigant completely. They suggests that the newer 
irrigants could be used as adjuncts to the traditional ones. They have also suggested a 
role for herbal irrigant preparations and highlighted the role of triphala. They also 
discussed the role of a solvent dimethyl sulfoxide which is safe, highly polar and aprotic 
which helps in bringing out the properties of all the herbs dissolved by them. They 
emphasized the role of triphala on E. Faecalis biofilms. Triphala in addition to its 
beneficial physiologic effects has radical scavenging and anti-inflammatory action. 
Shaheen V et al in 201470  evaluated  the role of irrigants used in Endodontics 
and observed that there is no single irrigant which possesses all the requisites of a irrigant 
solution and they have to be used in sequence with the aim to achieve the goals. 
Podar R et al in 201559 compared the the antimicrobial efficacy of 6% Morinda 
citrifolia, Azadirachta indica, and 3% sodium hypochlorite for their property and use as 
root canal irrigant solutions. The authors found no difference in the antibacterial efficacy 
of 6% M.citrifolia, A.indica, and 3% sodium hypochlorite. 
Saxena et al in 201568  in their in vitro study aimed to evaluate and compare the 
antimicrobial activity of five herbal extracts, Propolis, Azadirachta indica, Triphala, 
Curcuma longa, and Morinda citrifolia with that of 2.5% sodium hypochlorite against 
Enterococcus faecalis. They observed that Propolis showed highest zone of inhibition 
among all the herbal extracts next to sodium hypochlorite and that Propolis and 
Azadirachta indica have significant antimicrobial activity against E. faecalis. 
Babaji P et al in 20166 in their comparitive study evaluating morinda citrifolia, 
neem and aloe vera with sodium hypochlorite found that they had a anti bacterial effect 
and could be used as endodontic irrigants. 
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Chaitanya B V et al in 201621 Sodium hypochlorite has many good properties 
like its unique ability to dissolve pulp tissue, excellent antimicrobial activity, but has a 
cytotoxic effect when injected into periapical tissues. It is also known to produce allergic 
reactions, foul smell and taste, and potential for corrosion. Facultative organisms such 
as Enterococcus faecalis and aerobes like Staphylococcus aureus are considered to be the 
most resistant species to the above said irrigants and one of the possible causes of failure 
of therapy. They evaluated and compared the antibacterial efficacy of morinda 
citrifolia and turmeric extract with 3% NaOCl as a root canal irrigant, against E. 
faecalis and S.aureus. 3% sodium hypochlorite showed maximum antibacterial activity 
against E. faecalis, followed by morinda citrifolia and turmeric extracts. Due to 
undesirable properties of sodium hypochlorite, the authors note that use of herbal 
alternatives as irrigants might be advantageous. 
Kamble et al in 201739 in an in-vitro stated that no single irrigant has been 
demonstrated to possess the ability of dissolving organic pulpal material and predentin as 
well as demineralizing the inorganic calcified portion of the canal wall. Hence a 
combination of various irrigants has been recommended to accomplish these goals.  
Many studies have shown that, though paste-type chelating agents have a lubricating 
effect, they cannot remove the smear layer effectively when compared to liquid 
chelator. Due to these reasons, liquid preparations have been considered in this in 
vitro study. The efficacy of a chelating agent depends on the root canal length, the 
penetration depth of the material, the application time, dentin hardness, pH, and the 
concentration of the material. 
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The main purpose of a root canal treatment is to eliminate the bacteria and their 
products from within the root note Agrawal V et al in 20171 in their critical review. 
Various synthetic chemicals known as endodontic irrigants play a major role in 
disinfection, but also have undesirable properties like allergic potential, toxicity, 
unacceptable taste, etc.  because of which there is a trend towards the use of natural 
herbal medicines as a part of dental treatment procedures due to its easy availability, less 
toxicity, and cost effectiveness.  
Torres MAO et al in 201779 reviewed the pharmalogical applications of 
morinda citrifolia, and used as a popular medicine in Brazil. The roots, leaves and seeds 
of the noni tree are used. Immunostimulatory, antitumor, antidiabetic, anti-obesity, 
antibacterial, antifungal, antiviral, leishmanicidal, antiinflammatory, antinociceptive and 
analgesic, antioxidant, neuroprotective, wound healing, antiallergic, antiangiogenic, 
antiemetic and anti-nausea, anti-gastric ulcer and oesophagitis, anthelmintic, 
antimutagenic, antipsychotic, anxiolytic, photoprotective, anti-wrinkle and periodontal 
tissue regeneration activities  are some of the actions noted by various researchers. 
M. citrifolia though widely used for the treatment of various ailments, it should be 
consumed only after proper care and evaluation. 
Divia A R et al in 201830 in their study of comparative evaluation of morinda 
citrifolia noted that sodium hypochlorite which is very effective, has potential 
complications due to its toxicity and warrants search for suitable alternatives.  the 
antimicrobial efficacy of Morinda citrifolia , green tea polyphenols and Triphala was 
compared with 5% sodium hypochlorite and suggested that herbal alternatives as a root 
canal irrigant might prove to be advantageous due to several undesirable characteristics 
of sodium hypochlorite. 
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Choudhary E et al in 201822 in their ex vivo study explored the role of 
traditional medicaments in endodontic irrigation in an attempt to search for a safe 
alternative to sodium hypochlorite. They assessed the suitability of commercial 
preparations of Morinda citrifolia juice and Triphala juice against Enterococcus 
faecalis and Candida albicans. The authors note that the herbal irrigants showed 
sufficient reduction of microbial count and possibly have the potential be developed into 
efficient irrigants after suitable modifications. 
Chandwani M et al in 201820 evaluated the microbial reduction in deciduous 
molars using Morinda citrifolia juice as a rrigating solution. Both the irrigants, 1% 
NaOCl and morinda were significantly effective and the results of this study have 
confirmed the antibacterial effectiveness of morinda citrifolia in the root canals of 
deciduous teeth.  
Podar R et al in 201859 compared  the antimicrobial efficacy of 6% Morinda 
citrifolia, Azadirachta indica, and 3% sodium hypochlorite (NaOCl) as root canal 
irrigants. The authors observed that there was no difference in the antimicrobial efficacy 
of 6% M. citrifolia, A. indica, and 3% NaOCl when used as root canal irrigants. 
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ARMAMENTARIUM 
Collection of teeth 
1. Normal saline (Otsuka Pharmaceutical India Pvt. Ltd., Gujarat, India) 
2. Glass bottles (Borosil Glass Works Ltd., India) 
3. Tissue forceps (GDC) 
4. Disposable Nitrile Gloves (Dispodent, Chennai) 
5. 2% Thymol solution (Nice Chemicals, Cochin, Kerala, India) 
Selection & Preparation of samples 
1. RadioVisuoGraphy (RVG) (Satelec X- Mind Ac / Dc radiography unit, Italy) 
2. Diamond disc (China) 
3. Polyvinyl siloxane impression material (Flexceed Putty, GC Dental World, 
Hyderabad, India) 
4. Magnifying Lens with Illumination  
5. Modelling wax (Hiflex–Prevest Denpro Limited, Jammu Kashmir, India)  
6. Wax carvers (GDC Crafted Dental Pvt. Ltd., Punjab, India) 
7. DG-16 Endodontic probe (Hu-Friedy Mfg.Co.LLC., Illinois, U.S.A) 
8. Marking pencils (Camlin India Pvt. Ltd.) 
9. Small transparent plastic containers for sample placement  
10. Indelible marker (Camlin India Pvt. Ltd.) 
11. Labelled storage boxes 
12. Mc Intosh sheet 
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13.  Protective Goggles 
14. Nitrile Gloves medium and small (Dispodent, Chennai) 
15. Ultrasonic unit (Electro Medical Systems) 
Root canal preparation  
1. Size 6, 8,10,15,20 K file of 21mm length (Dentsply, Maillefer, Ballaigues, 
Switzerland) 
2. 30 Gauge side vented needles (Neoendo, Orikam, Gurugram, India) 
3. 10ml syringe with leur-lock (Lifelong meditech, Gurugram, India) 
4. Endo block (Dentsply Maillefer, Ballaigues, Switzerland) 
5. Endomotor (X-smart plus with 1:16 reduction hand piece- Dentsply 
Maillefer, Ballaigues, Switzerland) 
6. Protaper Gold rotary file system (21mm- SX, S1, S2, F1, F2) (Dentsply 
Maillefer, Ballaigues, Switzerland) 
7. Gutta percha points F1, F2 (Dentsply Maillefer, Ballaigues, Switzerland) 
Irrigating solutions 
1. Normal saline (Otsuka Pharmaceutical India Pvt. Ltd., Gujarat, India) 
2. 5% Sodium Hypochlorite solution (Nice Chemicals Pvt. Ltd., Cochin, Kerala) 
3. 10% Citric acid (Nice Chemicals Ltd., Cochin, Kerala) 
4. 17% EDTA solution -150 ml (DeSmear, Anabond Stedman Pharma 
Research Ltd., Kanchipuram, Tamil Nadu) 
5. Sterile Distilled Water (Ives drugs, Pvt. Ltd., India)
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6. Noni Fruit Fresh concentrate ( 18 Herbs organic labs, Madurai, TN) 
7. 100 ml glass beakers (Borosil, India) 
8. Volumetric beakers (Borosil, India) 
9. Mortar and pestle (Borosil, India) 
10. Glass Funnel (Borosil, India)  
11. Filter paper 
12. pH meter (Hangzhou lohand biological co., Ltd Zhejiang, china) 
Sectioning of samples 
1. Diamond disc 
2. 0.5inch Stainless Steel bibeveled chisel (GDC Crafted Dental Pvt. Ltd., 
Punjab, India) 
3. Stainless steel mallet (GDC Crafted Dental Pvt. Ltd., Punjab, India) 
4. Zip lock covers 
5. Storage containers 
6. Stainless steel tray 
7. Marker pen (Camlin India Pvt. Ltd.) 
Preparation for SEM analysis  
1. Ascending concentrations of Isopropyl alcohol (Nice Chemicals Ltd., India) 
2. Sterile self sealing pouches (Reach Global Pvt, Ltd., Pune, India)  
3. U-V light chamber (Apex Industrial Electronics, Haryana, India)   
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4. Stainless steel trays 
5. Vacuum chamber 
6. Tweezers (GDC Crafted Dental Pvt, Ltd., Punjab, India)  
7. Blotting paper 
Scanning electron microscopic analysis  
1. Scanning Electron Microscope (ESEM QUANTA 200, FEI, Netherland.) 
2. Gold Sputter coating machine (BAL-TEC SCD 500, Capovani Brothers Inc, 
Scotia, Newyork) 
3. Carbon tape (Royal tapes Pvt, Ltd., Chennai, India) 
4. Storage media (SONY) 
5. Hard Disc (SEAGATE) 
6. Observation Sheets 
Image analysis 
1. Adobe Photoshop (CS3 extended) 
2. Coral draw (X7) 
3. Computing System (Hewlett-Packard icore7, U.S.A.)  
4. Image analysis software (xT microscope control software). 
5. High resolution monitor (LG, India) 
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Statistical Analysis  
1. Statistical analysis software (SPSS software) 
2. Computing system (Hewlett-Packard, Intel® Core™i7-7500, U.S.A.) 
3. Colour Laser Jet high resolution printer (Hewlett- Packard, 1020 plus, 
U.S.A.) 
MATERIALS AND METHODS 
1. Collection of teeth: 
One hundred and tewnty extracted human permanent mandibular first premolars 
were collected, cleaned and stored in isotonic saline solution for a maximum of 72 
hours. Protocols for infection control as per OSHA and CDC guideline regulations 
in collection, storing, sterilization and handling were followed. 
2. Selection of samples:  
Teeth devoid of dental caries, restorations, and which were endodontically 
treated were separated. They were then verified for cracks and such teeth excluded. 
Those teeth with mature and intact root apices were selected for this study. The 
selected teeth were then analyzed using digital radiography to make sure that they 
had a patent canal and were then stored in normal saline solution at 4°C until use. A 
total of ninety teeth were selected for the purpose of the study.  
3. Standardization of samples: 
Access cavity preparation was done on the collected teeth and the pulp 
chamber debrided and cleaned with an ultrasonic scaler tip under irrigation with
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normal saline. A 6# K file was inserted to the working length in the root canal and a 
digital radiograph done in a bucco-lingual direction. The working length was 
obtained by passively placing a size 6K file (Dentsply Maillefer, Ballaigues, 
Switzerland) into the canal until the tip was visualized at the apical foramen using a 
magnifying lens and was adjusted to be level with the foramen. Then the actual 
canal length was measured and working length was calculated by subtracting 0.5mm 
from this measured value. 
4. Preparation of the Sample 
The selected teeth were then rinsed with distilled water and stored in 
normal saline at 4°C for 24 hrs. The teeth were then dried and modelling wax 
was applied at the apical foramen. They were then placed in a transparent small 
plastic container with a soft poly-vinyl siloxane impression material and excess 
trimmed off. The aim was to prevent the irrigants from extruding the apex in 
order to simulate in-vivo conditions. The samples were then divided randomly 
into two control groups (n=5) and eight experimental groups comprising of eight 
teeth each (n=8)  
5. Root Canal Preparation Technique  
The instrumentation was initiated with hand files (Dentsply Maillefer, 
Ballaigues, Switzerland) upto size 20 followed by Protaper Gold rotary files from 
size S1-F2. The root canals of the samples were prepared using Protaper Gold 
rotary instruments (Dentsply Maillefer, Ballaigues, Switzerland) with X-smart 
Plus Endomotor (Dentsply Maillefer, Ballaigues, Switzerland) as per the 
manufacturer instructions. The irrigant was delivered using a 30-gauge side vent 
pro-rinse needle (Dentsply, Tulsa Dental) at the working length. 1ml of the irrigant  
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was used for canal irrigation after using each instrument and before proceeding to 
the next. A total of 8ml of the irrigant was used during the procedure. 
6. Final Rinse of Samples  
Subsequent to the canal preparation the samples were irrigated with a final 
rinse of 5ml of the irrigant as per the respective group. For all irrigants used as final 
rinses a total of 5ml of the irrigant was delivered using a 30-gauge side vent needle 
(Neoendo, Orikam) for duration of three minutes.  
During the first minute delivery of the irrigant, the needle was withdrawn to 
5mm inserted back to working length followed by rotation of the needle by 180° 
three times alternatively.  
During the second minute a F2 size gutta percha cone (Dentsply Maillefer, 
Ballaigues, Switzerland) was inserted to working length and withdrawn three times 
(Manual Dynamic Activation). This was done to improve the irrigant delivery and 
replacement of irrigant to the apical region of the canal. 
During the third minute the irrigant allowed to remain in the canal and after 
the completion of three minutes, a post-final rinse irrigation of 10ml of distilled 
water was done to flush out the remaining final rinse irrigant from within the canal. 
7. Preparation of samples for SEM analysis  
The teeth after removal from the poly-vinyl siloxane base were covered with 
cotton wool at the orifice and subsequently grooved longitudinally on the exterior 
surface in a bucco-lingual plane with a diamond tool with sufficient care not to 
accidentally penetrate the root canal lumen. The teeth were then carefully split in a 
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bucco-lingual plane longitudinally to divide the tooth into two halves with a mallet 
and a chisel. Each half of the tooth which contains the most evident part of the apex 
was selected, stored and coded.  
The teeth were then placed in a 10% neutral buffered formalin solution at 
18°C for 24 hours. Before being dehydrated in graded solutions of Isopropyl alcohol 
(Nice Chemicals Ltd. India), they were post fixed in Osmium Tetroxide (1%w/v) for 
two hours.  
The teeth were then placed in a filter paper for 24 hours, separation markings 
of apical, middle, and coronal thirds made in the split halves of the root and 
irradiated with UV light in a UV light sterilization chamber and stored in sterile 
pouches. Each of the samples in the group was examined, processed and stored 
separately for consequent analysis. 
8. SEM Examination: 
The selected coded samples of each group were mounted on to aluminium 
stubs with carbon tape (Royal tapes Pvt. Ltd., Chennai, India) where the entire root 
canal is visible and facing upwards. Each of the samples was coated with a 20-30nm 
thin layer of gold in a gold sputter coating machine (BAL-TEC SCD 500, Capovani 
Brothers Inc, Scotia, Newyork). The samples were then examined using a Field 
Emission Scanning electron microscope (ESEM QUANTA 200, FEI, Netherland). 
The SEM photo micrographs were obtained at X2000 magnification using digital 
image analysis software and stored appropriately for further examination and 
analysis. The most representative micrographs were photographed for each third of 
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the specimen. Five micrographs were recorded for apical, middle and coronal thirds 
respectively. 
9. Analysis of photomicrographs 
The photomicrographs taken were then analyzed after coding based on the 
selected groups by two independent investigators in a blind manner for the presence 
of smear, debris and erosion and data recorded.  
The smear layer was analyzed using the following criteria (Caron et al 2010)15 
Score 1:  No smear layer and dentinal tubules are open.  
Score 2:  Small amounts of scattered smear layers and dentinal tubules open. 
Score 3: Thin smear layer and dentinal tubules partly open. (Crescent        
shaped) 
Score 4: Thick smear layer with partial covering of dentinal tubules.  
Score 5: Total covering with thick smear layer.  
The presence of debris was analyzed using the following criteria 
(Dadresenfar et al in 2011)26 
Score 1:  Clean canal wall with few debris particles.  
Score 2:  Few conglomerations.  
Score 3:  Many conglomerations less than 50% of canal wall. 
Score 4:  More than 50% of canal wall with conglomerations. 
Score 5:  Complete or near complete covering of canal wall by debris. 
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The presence of erosion was analyzed by using the following criteria 
(Torabinejad et al in 2003)77 
Score 1: No erosion (All tubules normal in appearances) 
Score 2: Moderate erosion (Peritubular dentin eroded) 
Score 3: Severe erosion (Intertubular dentin destroyed and tubules connected 
to each other)     
10. Tabulation of result and statistical analysis  
The results which were scored by the independent operators were compared 
and tabulated for their respective score values of smear, debris and erosion in each 
thirds of the root. The results were then statistically analyzed.  
  
   Table 1: IRRIGANT GROUPING 
 
GROUPS INITIAL IRRIGANT FINAL IRRIGANT 
I SALINE SALINE 
II 5%NaOCl 17% EDTA 
III 5% MC 17% EDTA 
IV 10% MC 17% EDTA 
V 15% MC 17% EDTA 
VI 20% MC 17% EDTA 
VII 30% MC 17% EDTA 
VIII 40% MC 17% EDTA 
IX 50% MC 17% EDTA 
X 10% CITRIC ACID 17% EDTA 
XI 1% CITRIC ACID 17% EDTA 
  
   Chart I: IRRIGANT GROUPS  
 
  
     
 
 
 
 
 
 
 
 
 
RESULTS 
  
 
Table 2: AVERAGE SMEAR SCORES 
GROUPS CORONAL MIDDLE APICAL 
I 5.0 5.0 5.0 
II 1.0 1.4 2.0 
III 2.3 2.4 2.9 
IV 2.8 2.6 2.8 
V 2.6 2.7 2.9 
VI 2.8 2.9 3.3 
VII 2.9 2.9 3.7 
VIII 3.3 3.2 4.1 
IX 3.5 3.2 4.3 
X 2.6 2.8 3.2 
XI 5.0 5.0 5.0 
MEAN 3.0727 3.1000 3.5636 
STANDARD 
DEVIATION 
1.14812 1.05830 0.95318 
  
Chart II: AVERAGE SMEAR SCORE 
  
Table 3: AVERAGE DEBRIS SCORES 
GROUPS CORONAL MIDDLE APICAL 
I 3.9 4.0 4.0 
II 1.4 2.0 2.2 
III 2.2 2.4 2.6 
IV 2.4 2.6 2.7 
V 2.2 2.2 2.4 
VI 2.3 2.5 2.6 
VII 2.4 2.5 2.6 
VIII 2.6 2.5 2.8 
IX 2.5 2.6 2.9 
X 1.8 2.3 2.4 
XI 3.4 3.6 3.8 
MEAN 2.4636 2.6545 2.8182 
STANDARD 
DEVIATION 
0.68596 0.60061 0.57065 
 
  
Chart III: AVERAGE DEBRIS SCORE 
 
  
 
Table 4: AVERAGE EROSION SCORES 
GROUPS CORONAL MIDDLE APICAL 
I 1.0 1.0 1.0 
II 2.3 2.3 1.9 
III 1.4 1.3 1.1 
IV 1.1 1.2 1.1 
V 1.9 1.7 1.4 
VI 1.3 1.2 1.1 
VII 1.7 1.6 1.5 
VIII 1.7 1.5 1.2 
IX 1.5 1.5 1.1 
X 1.5 1.4 1.1 
XI 1.0 1.0 1.0 
MEAN 1.4909 1.4273 1.2273 
STANDARD 
DEVIATION 
0.39863 0.36903 0.27236 
  
Chart IV: AVERAGE EROSION SCORE 
  
Table 5: MEAN SCORES 
 
MEAN VALUES CORONAL MIDDLE APICAL 
SMEAR 3.07 3.1 3.56 
DEBRIS 2.46 2.65 2.8 
EROSION 1.5 1.42 1.22 
 
 
Chart V: MEAN SCORES 
 
 
  
 
 
Table 6: OVERALL MEAN SCORES 
GROUPS SMEAR DEBRIS EROSION 
I 5 4 1 
II 1.5 1.9 2.1 
III 2.5 2.4 1.3 
IV 2.8 2.6 1.1 
V 2.7 2.3 1.7 
VI 3 2.5 1.2 
VII 3.2 2.5 1.6 
VIII 3.5 2.6 1.5 
IX 3.7 2.7 1.4 
X 2.9 2.2 1.3 
XI 5 3.6 1 
MEAN 3.2 2.7 1.3 
STANDARD 
DEVIATION 
1.03476 0.610365 0.331114 
  
Chart VI: OVERALL MEAN SCORES 
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TABLE 7: STATISTICAL COMPARISON BETWEEN GROUPS FOR SMEAR 
TWO GROUP COMPARISON - Student’s t-test 
GROUPS COMPARED t value P value significance 
I, II 12.150 0.000 Significant 
II, III 3.094 0.036 Significant 
II, IV 4.249 0.013 Significant 
II, X 4.118 0.015 Significant 
X. IV 0.707 0.519 Not significant 
X, III 1.302 0.263 Not significant 
III, IV 1.014 0.368 Not significant 
 
Student’s “t” test for two independent groups is used to compare the significance of difference between means of two groups at 5% level of 
significance. 
Note 1: If “p” value is more than 0.05, then we can conclude that there is no significant difference between the two groups considered with 
regard to mean. 
Note 2: If “p” value is less than 0.05, then we can conclude that there is a significant difference between the two groups considered with 
regard to mean. 
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TABLE 8: STATISTICAL COMPARISON BETWEEN GROUPS FOR SMEAR 
THREE GROUP COMPARISON – Student’s t-test 
GROUPS COMPARED t value p value significance 
 II, III, X 10.696 0.11  Significant 
II, III, IV 11.279 0.009 Significant 
III, IV, V 0.857 .471 Not Significant 
VI, VII, VIII 1.272 .346 Not Significant 
 
ANOVA (Analysis of Variance) is used to compare the significance of difference between means of more than two independent groups at 5% 
level of significance. 
Note 1: If “p” value is more than 0.05, then we can conclude that there is no significant difference between the two groups considered with 
regard to mean. 
Note 2: If “p” value is less than 0.05, then we can conclude that there is a significant difference between the two groups considered with 
regard to mean. 
 34 
 
TABLE 9: STATISTICAL COMPARISON BETWEEN GROUPS FOR SMEAR 
MULTI GROUP COMPARISON – Analysis of variance (ANOVA) 
 
GROUPS COMPARED t value p value Significance 
 II, III, IV, V, VI, VII, VIII, IX 8.327 .000 Significant 
 
ANOVA (Analysis of Variance) is used to compare the significance of difference between means of more than two independent groups at 5% 
level of significance. 
Note 1: If “p” value is more than 0.05, then we can conclude that there is no significant difference between the two groups considered with 
regard to mean. 
Note 2: If “p” value is less than 0.05, then we can conclude that there is a significant difference between the two groups considered with 
regard to mean. 
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TABLE 10: STATISTICAL COMPARISON BETWEEN GROUPS FOR DEBRIS 
TWO GROUP COMPARISON - Student’s t-test 
GROUPS COMPARED t value P value significance 
I, II 8.654 0.001 Significant 
II, III 2.000 0.116 Not significant 
II, IV 2.734 0.052 Not significant 
II, X 0.988 0.379 Not significant 
X. IV 1.947 0.123 Not significant 
X, III 1.067 0.346 Not significant 
III, IV 1.147 0.315 Not significant 
 
Student’s “t” test for two independent groups is used to compare the significance of difference between means of two groups at 5% level of 
significance. 
Note 1: If “p” value is more than 0.05, then we can conclude that there is no significant difference between the two groups considered with 
regard to mean. 
Note 2: If “p” value is less than 0.05, then we can conclude that there is a significant difference between the two groups considered with 
regard to mean. 
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TABLE 11: STATISTICAL COMPARISON BETWEEN GROUPS FOR DEBRIS 
THREE GROUP COMPARISON – Student’s t-test 
GROUPS COMPARED t value p value significance 
 II, III, X 2.032 .212 Not significant 
II, III, IV 5.085 .051 Not significant 
III, IV, V 2.652 .150 Not significant 
VI, VII, VIII 1.235 .355 Not significant 
 
ANOVA (Analysis of Variance) is used to compare the significance of difference between means of more than two independent groups at 5% 
level of significance. 
Note 1: If “p” value is more than 0.05, then we can conclude that there is no significant difference between the two groups considered with 
regard to mean. 
Note 2: If “p” value is less than 0.05, then we can conclude that there is a significant difference between the two groups considered with 
regard to mean. 
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TABLE 12: STATISTICAL COMPARISON BETWEEN GROUPS FOR DEBRIS 
MULTI GROUP COMPARISON – Analysis of variance (ANOVA) 
 
GROUPS COMPARED t value p value Significance 
 II, III, IV, V, VI, VII, VIII, IX 3.901 .008 Significant 
 
ANOVA (Analysis of Variance) is used to compare the significance of difference between means of more than two independent groups at 5% 
level of significance. 
Note 1: If “p” value is more than 0.05, then we can conclude that there is no significant difference between the two groups considered with 
regard to mean. 
Note 2: If “p” value is less than 0.05, then we can conclude that there is a significant difference between the two groups considered with 
regard to mean. 
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TABLE 13: STATISTICAL COMPARISON BETWEEN GROUPS FOR EROSION 
TWO GROUP COMPARISON - Student’s t-test 
GROUPS COMPARED t value P value significance 
I, II 8.750 0.001 Significant 
II, III 5.630 0.005 Significant 
II, IV 7.519 0.002 Significant 
II, X 4.642 0.010 Significant 
X. IV 1.604 0.184 Not significant 
X, III 0.447 0.678 Not significant 
III, IV 1.414 0.230 Not significant 
 
Student’s “t” test for two independent groups is used to compare the significance of difference between means of two groups at 5% level of 
significance. 
Note 1: If “p” value is more than 0.05, then we can conclude that there is no significant difference between the two groups considered with 
regard to mean. 
Note 2: If “p” value is less than 0.05, then we can conclude that there is a significant difference between the two groups considered with 
regard to mean. 
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TABLE 14: STATISTICAL COMPARISON BETWEEN GROUPS FOR EROSION 
THREE GROUP COMPARISON – Student’s t-test 
GROUPS COMPARED t value p value significance 
 II, III, X 18.861 .003  Significant 
II, III, IV 35.542 .000 Significant 
III, IV, V 7.704 .022 Significant 
VI, VII, VIII 4.480 .065 Significant 
 
ANOVA (Analysis of Variance) is used to compare the significance of difference between means of more than two independent groups at 5% 
level of significance. 
Note 1: If “p” value is more than 0.05, then we can conclude that there is no significant difference between the two groups considered with 
regard to mean. 
Note 2: If “p” value is less than 0.05, then we can conclude that there is a significant difference between the two groups considered with 
regard to mean. 
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TABLE 15: STATISTICAL COMPARISON BETWEEN GROUPS FOR EROSION 
MULTI GROUP COMPARISON – Analysis of variance (ANOVA) 
GROUPS COMPARED t value p value Significance 
 II, III, IV, V, VI, VII, VIII, IX 8.327 .000 Significant 
 
ANOVA (Analysis of Variance) is used to compare the significance of difference between means of more than two independent groups at 5% 
level of significance. 
Note 1: If “p” value is more than 0.05, then we can conclude that there is no significant difference between the two groups considered with 
regard to mean. 
Note 2: If “p” value is less than 0.05, then we can conclude that there is a significant difference between the two groups considered with 
regard to mean.    
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 Any rotary mechanical cutting of the tooth forms a surface layer called as the 
smear. This same phenomenon is observed while instrumenting the radicular portion 
of the tooth also.  The introduction of the scanning electron microscope attachment 
made possible the easy identification of the smear layer. It was first identified by 
Eick et al in 197031 on cut cavities on teeth and using the new microscopic tool they 
found that it was made up of particles of size 0.5-1.5 micrometers. 
 A layer of organic and inorganic material which contains microorganisms 
and their byproducts is formed as a result of instrumentation over the surface of 
radicular dentin. This consisted of small particles of mineralized collagen matrix and 
spread over the radicular dentinal surface and is aptly known as the smear layer. The 
smear layer formed as a result of cavity preparation procedures is not directly 
comparable with that formed during biomechanical preparation of the radicular 
surface of the canals. The protocols and procedures followed in both these 
procedures is very different. The pulpal space contains more organic debris, 
microorganisms etc.  The radicular dentinal tubules especially in the apical one third 
of the root canal system show a lot more variations.   
 Smear as a result of biomechanical preparation was first described by 
McComb and Smith in 197552. They describe this layer as remnants of cut 
radicular dentin. In addition there were necrotic debris, microorganisms, remnants of 
odontoblastic processes and pulp tissue. The thickness of the smear layer was found 
to be 1-2µm. (Mader et al in 1984)51 The type, radicular dentin structure,  and 
nature of instruments have a say in the type of smear produced.  Biomechanical 
preparation by hand produces less smear compared to a rotary 
preparation.(Czontkowsky et al in 1990)25 Pulpal remnants both viable and necrotic 
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can result in high organic content during the early stages of biomechanical 
preparation. (Cameron et al in 1988)14 The current practice of using rotary 
instruments to prepare canal systems results in more effective cutting and generates 
of more smear in all thirds of the root canal. The rotary cutting action has a tendency 
to push smear components into radicular dentinal tubules. Smear has been reported 
as having two distinct layers. A superficial which is present on the radicular dentinal 
wall and a deeper layer which penetrates tubular dentin for about 40 to 110 
micrometers. Aktener et al in 19892 analysed the way in which the material of 
smear enters the tubules to different depths in dentin. The way in which the rotary 
systems remove radicular dentin, capillary forces in play in dentinal tubules results 
in smear reaching deeper, as a result of adhesive forces. (capillary action 
hypothesis). Surface active agents when used decrease the surface tension and 
increase the depth of penetration of smear components. 
 A number of researchers have put forward their thoughts on whether to retain 
or remove the smear during canal preparation procedures. Some researchers believe 
that the smear layer contains microorganisms, prevents decontamination of the 
dentinal tubules, act as a barrier between the obturating material and the canal wall. 
They advocate smear removal. Others differ and suggest a root canal preparation 
without the removal of a smear. Some have also tried modification of smear. Some 
suggested that smear retention as is it seals the radicular dentinal tubules limiting the 
passage of microbes and their byproducts into the tubular dentin by altering 
permeability. 
 A mid pathway concept of smear layer modification in a way that it becomes 
completely resistant to dissolution or disintegration has been proposed which  results 
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in complete and permanent sealing of the radicular dentinal tubules. Permanent 
alteration of smear happens when treated with Titanium tetra fluoride resulting in a 
massive and definitive surface coating which occludes the tubules regardless of the 
presence or absence of the smear. (Sen and Buyukylimaz in 1998)69. The smeared 
surfaces had a coating of 1-5µm when treated with titanium tetra fluoride and root 
canal irrigants were unable to remove this surface coating.  
 One of the principal factors affecting the outcome of root canal therapy is the 
failure to obtain a hermetic three dimensional seal. Shahravan et al71 in 2007 in 
their meta analysis of smear observe that removal of smear significantly improves 
the apical and coronal seal and is independent of the sealer type,  type of obturation, 
the type of dye, site of leakage, used for testing and test duration.  
 A number of reasons have been hypothesized to support the idea of removal 
of smear from the root before the final obturation. The presence of smear can act as 
a substrate for the microorganisms to survive and grow. The remnants of pulp tissue 
can remain within the smear and cause future issues. The smear layer is less 
adherent and can prevent effective bonding of the dentinal sealer to the tubular 
dentin thereby risking microleakage. They also can block the reach of irrigant 
solutions and intra canal medicaments into dentinal tubules. These actions can 
eventually result in poor treatment outcomes. 
 There are others who advocate that the smear layer should remain and based 
their arguments certain factors. The presence of smear prevents the inward or 
outward migration of organisms, irritants and toxins and isolating them. The smear 
Discussion 
44 
 
blocks the dentinal tubular structure and can be suitably modified to provide a firm 
seal in the long run which is dissolution resistant. 
 Group III had the least amounts of smear among all groups at the coronal  
thirds and middle third of the tooth respectively. In the apical third of the root 
Group IV had least smear scores [Table:2 Chart:II]. On statistical comparison and 
analysis, in two group comparison there was no significant difference between the 
Groups III & IV (p > 0.05).  When compared with the control Group II there was a 
statistically significant difference (p < 0.05).  On a statistical comparison between 
the Groups III, IV & V which showed better results in the morinda citrifolia based 
experimental groups there was no statistically significant difference observed 
between the groups. (p > 0.05).  
 Irrigant solutions have a crucial role in removal of smear from within the 
canal system. Various irrigating solutions have been experimented for effective 
cleansing of the canal system. They have been used in combinations, or have had 
components added together. These irrigant solutions ideally should remove organic 
components and inorganic components of smear. No single irrigant solution is able 
to satisfy all the above requirements. As a solution, sequential use of different 
irrigation solutions have been tried. Kaufmann et al in 198642 proposed the working 
solution methodology, where the working solution was first used to clean the canal. 
Later a rinse of irrigant solution was used removed debris and smear. A large 
proportion of the canal wall in the main root canal is untouched by the 
instrumentation procedures. Threrefore chemical means of cleansing the canal 
system of microbes, smear etc., remains a integral part of the biomechanical 
preparation during root canal therapy. Presence of isthmuses, transverse 
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anastamoses, fins, lateral canals and apical deltas make effective cleansing of the 
canal system a challenge. 
 Sodium hypochlorite has excellent tissue solvent action and is very effective 
against the organic component of the smear layer which increases with rise in 
temperature up to 60ºc but its ability to remove smear layer from instrumented canal 
walls has been found lacking. Chlorine dioxide structurally similar to sodium 
hypochlorite and was as efficient in tissue dissolution. Chlorine dioxide produces 
little or no trihalomethanes, an animal carcinogen and a suspected human 
carcinogen. Chlorine dioxide therefore might be a better irrigant, than sodium 
hypochlorite as stated by Levesque et al in 200250. 
 Peroxides as irrigant solutions were more effective in debris removal and 
posed potential risks and hazards when inadvertently extruded from the apical 
foramen even in small quantities. Irrigant solutions with antibacterial properties and 
substantivity through adherence to radicular dentin have been tried lately and have 
been found to be very effective and useful. A 7% Maleic acid solution which is used 
as a conditioner in adhesive dentistry has been found to be very effective in removal 
of smear layer. 
 The ability to chelate has certain distinct advantages and was used for the 
negotiation and enlargement of blocked and narrow canals. The have been used as 
irrigants to remove the inorganic portion of the smear layer. Various chelating agents 
like ethylenediaminetetraacetic acid, citric acid, etidronate, chitosan and doxycycline 
have been used. Chelating agents have been long tried as root canal irrigants, of 
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which EDTA (Ethylene Diamine Tetra Acetic acid) being the most popular in the 
concentration of 17%. 
 Investigators realized that combinations of irrigants were the most effective 
at smear removal, and the concept of a working solution and an irrigant solution put 
forward by Kaufmann and Greensberg in 198642 gained acceptance. As there was 
no single irrigant solution which caused dissolution of the organic remnants and 
demineralization of the inorganic components, the sequential use of different 
irrigants was advocated for removal of smear. (Baumgartner in 1984)7. A 5% 
sodium hypochlorite solution and 17% EDTA solution were found to be the most 
effective when used as initial and final rinses. The chemomechanical action of 
sodium hypochlorite removes organic material while chelating action of EDTA 
effectively removes the inorganic part of the smear layer. Various combinations of 
sodium hypochlorite and other chelating agents have been tried.  
 Removal of vital and necrotic pulp remnants, microbes and their by 
products contributes to successful treatment outcomes. The rotary instruments leave 
isthmses, cul-de sacs untouched and under prepared during biomechanical 
preparation. These areas serve as a reservoir for microbial growth and impair the 
hermetic seal of the obturating material. The selection of the role of the irrigant is of 
utmost importance in cleaning these areas. Modifying the way in which the irrigants 
act by adding surfactants, increasing irrigant temperature, volume, and using 
different methods of activation has been advocated to improve irrigant efficacy. The 
use of two different irrigants in a sequence is commonly followed to overcome the 
short comings associated with the use of a single irrigant. The irrigant solution must 
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be brought into close contact with the entire canal wall for a sufficient period of 
time, to be effective. 
 Mode of irrigant delivery plays a vital role and various methods have been 
used. A side vented needle with the vent at 1mm from the tip in a customized 
irrigant protocol was used in this study. Computational dynamic fluid flow studies 
have exposed the limitations limitations of a side vent design on irrigant replacement 
within the canal and suitable adjustments were made in this study to enhance irrigant 
replacement at the apical third in a customized protocol for irrigation. The volume of 
the irrigant solution also affects how the irrigant reacts with smear and in this study 
a volume of 8ml as initial rinse and 5ml as the final rinse was delivered. The 
duration of the exposure of the final rinse was controlled so as to provide sufficient 
time for irrigant action. 
 Vapor lock effect is as a result of the reaction of the irrigant with smear and 
debris, releasing bubbles, forming close ended micro-channels, which take a very 
long time to flood back with the irrigant. A simple method to release the vapor lock 
would be to insert a file or gutta percha roughly the size of the prepared canal to 
working length after instrumentation. Acoustic streaming and cavitation becomes 
impossible and ineffective after a vapor lock has occured. Removal of a vapor lock 
before activation of these systems is necessary in a clinical setting. Passive irrigation 
systems have short comings in delivery of irrigant solutions. Manual dynamic 
activation is a method where a gutta percha point is placed to working length and 
moved up and down in 4-6 mm strokes. It effectively improves the displacement and 
exchange of the irrigant in the apical one third. This method has been found to be 
very effective. Manual dynamic activation technique in the second minute of the 
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final irrigation protocol was done in the present study as it effectively negates vapor 
lock effect. 
 Microorganisms from canals which survive in biofilms and within the 
radicular dentinal tubules have been a great concern. Irrigant solutions having 
prolonged antibacterial activity is a necessity, and as these microbes survive for long 
periods of time in a dormant state. Antimicrobial agents present in irrigants which 
bind to radicular dentin are slowly released over a period of time have become 
popular. 
 The principal aim of endodontic treatment is to prevent or eliminate 
microbial contamination of the root canal system, and the main reason for the 
majority of treatment failures is persistence of infections within these spaces. 
Although mechanical instrumentation and use of irrigation solutions with strong 
antimicrobial properties eliminate the majority of intracanal microorganisms, it has 
been demonstrated that it is not possible to completely eliminate them. On the other 
hand, some microorganisms are resistant to antimicrobial agents used within the root 
canal. E. faecalis is a gram-positive facultative anaerobic microorganism, which has 
been isolated from teeth with failed endodontic treatment E. faecalis can survive 
even in obturated canals without support from other microorganisms or with very 
small amounts of nutrients. 
 Sodium hypochlorite is currently the most commonly used intracanal 
irrigation solution at various concentrations. It has a broad antimicrobial activity 
against endodontic microorganisms and biofilms, including difficult to eliminate 
species like Enterococci, Acitinomycetes and Candida albicans. Studies evaluating 
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cytotoxicity of sodium hypochlorite have shown higher cytotoxicity and caustic 
effects of 5.25% sodium hypochlorite compared to its 0.5 and 1% concentrations on 
healthy tissues. In many countries concerns about the chemical and toxic effects of 
the sodium hypochlorite solution has resulted in the use of 0.5 and 1% 
concentrations of sodium hypochlorite as an intracanal irrigant instead of 5.25% 
concentration. 
 The depth of penetration of NaOCl is limited to 100 µm, whereas the depth 
of penetration of E. faecalis is up to 300 to 400 µm. Bacteria deep in root dentin are 
safe from instrumentation and irrigation, due to limited depth of penetration of the 
irrigants. This has led to the search of new disinfectants against endodontic 
pathogens like E. faecais. 
 Group V presented with the highest amount of erosion with loss of 
intertubular dentin at all levels among experimental groups with mean values of 1.70 
± 0.25. [Table 6 chart VI]  Group II presented the highest erosion among all 
groups in the coronal, middle and apical one thirds with mean values of 2.1 ± 0.23 
[Table 6 chart VI]. 
 Ayurveda is considered as the "science of life," because the ancient Indian 
system of health care focused on illness and its effective cure and prevention. India 
has a heritage and tradition of traditional herbal medicine. A number of synthetic 
chemicals have been formulated for use as endodontic irrigant solutions and have 
been effective at disinfection and smear elimination. They also have undesirable 
properties like offensive taste, toxicity, allergic potential, and high costs. There is a 
major trend and awareness towards the use and evaluation of natural herbal irrigants 
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as smear removal solutions as a part of endodontic therapy. They are easily 
available, less toxic, and cost effective. They have also have been assessed for their 
effectiveness in eliminating microbes from within the canal system and effective 
removal of smear. Agrawal Vet al in 20171 Indian Council of Medical Research has 
conducted controlled clinical trials for medication derived from herbal sources for 
the past two decades. (Chandrakumar A et al in 2010)18 
 Morinda citrifolia appears to be the first juice to be identified as a possible 
alternative to the use of sodium hypochlorite. Commonly known as Noni, it is also 
known as Nono, Nonu, great morinda, Indian mulberry, Ba Ti Tian, dog dumpling 
(Barbados), mengkudu (Malaysia and Indonesia), Kumudu (Balinese), pace 
(Javanese), beach mulberry, Nhan, cheese fruit, and nunaakai (Tamil Nadu, India) 
across various cultures throughout the world. (Wang et al 2002)82 
 Morinda citrifolia is a tropical and subtropical plant grown in the Pacific 
islands and it has been used  as a folk medicine to treat a broad range of diseases for 
many centuries.  Noni is native to Southeast Asia and Australia, and is cultivated in 
Polynesia, India, the Caribbean, Central and northern South America. Many 
biological compounds have been identified namely glycosides, polysaccharides, 
phenolic compounds, alkaloids, lignans, fatty acid esters, organic acids, vitamins and 
minerals have been isolated from noni fruits, roots, and leaves. Of the phenolic 
compounds, the most important reported are anthraquinones, damnacanthal, 
morindone, morindin, aucubin, asperuloside, rutin and scopoletin. 
 The complete physio-chemical composition of the fruit according to maturity 
stages and seasonal patterns has not yet been reported and only partial information is 
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available on noni juice. However, chemical composition varies widely according to 
the part of the plant. The fruit contains 90% water, and the main components of the 
dry matter appear to be soluble solids, dietary fibers and proteins. Minerals mainly 
potassium, sulfur, calcium, phosphorus and traces of selenium have been reported in 
the juice. Vitamins have been reported in the fruit, mainly ascorbic acid (25-158 
mg/100 g dry matter) and pro-vitamin A. The main volatile compounds have been 
identified in the ripe fruit including organic acids (mainly caproic, caprylic, octanoic 
and hexanoic acids), alcohols (3 methyl 3-buten-1-ol), esters (methyl octanoate, 
methyl decanoate), ketones (2-heptanone), and lactones (E-6-dodeceno-γ-lactone). 
Other bioactive compounds have also been identified based how the fruit juice is 
processed, whether it is fermeneted etc. 
 Morinda citrifolia is a perennial bush and it is possible to find fruits at 
different stages of maturity on the same plant at the same time. The fruits may be 
harvested at different stages of development and continue to mature. The color and 
firmness of fruits left to ripen naturally on the tree evolves from dark green-very 
hard to translucent grayish, soft. During ripening, the composition and textural 
properties change with the senescence process. These composition factors and 
textural properties are part of the quality of the fruits and of their selection. (Luijan 
L et al in 2014)46 
 Morinda citrifolia juice has been used in folk remedies for centuries, 
exhibiting antibacterial, antiviral, antifungal, antitumor, anthelmintic, analgesic, 
hypotensive, anti-inflammatory, and immune enhancing properties. Its antibacterial 
compounds include L-asperuloside and alizarin, and acetone extracts from morinda 
citrifolia have also shown antimicrobial effects. The effectiveness of natural fruit 
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juices against Enterococcus faecalis remains largely unexplored. The oral cavity 
provides conditions that favor the growth of facultative and strictly anaerobic 
microorganisms, such as E. faecalis. 
 A number of studies have been done the effect of morinda citrifolia on the 
microbial populations found within the root canal. The antimicrobial activity Morinda 
citrifolia juice has been assessed on E. faecalis on infected root canal dentin at two 
different depths and three intervals. It was concluded that propolis and M. citrifolia 
were effective against E. faecalis in dentin on extracted teeth (Kandaswamy D et al 
in 2010)40 Morinda citrifolia has been evaluated as a root canal irrigant in deciduous 
molars and the authors have suggested that it can serve as alternative available natural 
extract for irrigation in routine dental clinical practice. (Chandwani et al in 2018)20 It 
has been found to effectively remove smear without any adverse influence on 
microhardness property of root canal dentin. (Saghiri M A et al in 2013)67 
 Morinda citrifolia has also been tried as a root canal irrigant solution and is 
effective in smear removal in combination with ethylenediaminotetraacetic acid. Its 
action is similar to sodium hypochlorite and has distinct advantages as sodium 
hypochlorite accidents can be avoided as Morinda Citrifolia extract is a 
biocompatible antioxidant. (Murray et al in 2008)56 
 In recent years, there has been an increased tendency to use plant-derived 
alternative irrigation solutions with pharmaceutical properties. Natural products have 
been used in dental and medical fields for many years and have become more popular 
today. With changes in lifestyles and treatment modalities, the pathogens are also 
becoming more resistant. The importance of the natural medicine and herbal drugs 
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come to play in these situations as they have an advantage of being safe, biocompatible, 
and nontoxic. Many herbal medicines have a potential use in endodontics.  
 Various activation activation methodologies have been tried to enhance 
removal of smear, debris and microorganisms from within the canal system. Use of 
lasers within the canal vapourised soft tissues, eradicate microorganisms even in the 
apical third. The main limitations with the laser systems in removal of smear layer are 
the access to the smaller canal spaces at the apex of the root. Research is on to develop 
thinner probes which can go into the apical third with ease. Laser activation causes 
cavitation which is the formation of a cavity that comprises of bubbles inside a fluid 
which expand 1600 times their volume which allows the irrigants to access the canal 
apically more readily.  Later these bubbles become unstable, collapse in what is called 
as an implosion. Laser activation is done via a fiber tip and this technique of irrigant 
activation appears promising at the apical segment of the canals with closed apices.                
Enterococcus faecalis is a facultative anaerobic gram positive coccus which is 
found in recurrent infections of the canal system. Persisting infections within these 
canal spaces is the principal cause for treatment failures. Eliminating microorganisms 
totally from within the canal system is not easy. Sodium hypochlorite is effective 
against E. faecalis biofilms. The disadvantages of use of sodium hypochlorite are its 
unpleasant taste, toxicity, and its failure to remove the smear totally. Adverse effects 
which are commonly observed with synthetic chemicals can be avoided by using 
herbal derived irrigant solutions. Several studies have highlighted the cytotoxicity of 
sodium hypochlorite and the caustic side effects of a concentration of 5.25% 
compared to its 0.5 and 1% concentrations on healthy tissues. 
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Group III presented with the least amount of smear values with mean values 
of 2.30 ± 0.36, 2.40 ± 0.43 and 2.90 ± 0.92 in coronal, middle and apical third 
respectively. [Table 2 chart II]  Among the morinda citrifolia groups the Group IX 
presented with highest values for debris with mean values of 2.60 ± 0.50, 2.50 ± 
0.46 and 2.80 ± 0.41 in coronal, middle and apical third respectively. [Table 3 
chart III]  Group V presented with the highest erosion with mean values of 1.90 ± 
0.20, 1.70 ± 0.36 and 1.40 ± 0.54 in coronal, middle and apical third respectively. 
[Table 4 chart IV] The current study evaluated and compared morinda citrifolia as 
a irrigant solution with 10% citric acid and 5% sodium hypochlorite. In this study 
morinda citrifolia solutions prepared at various concentrations specified as per 
protocols specified in methodology was used. The 10% citric acid solution was used 
as a initial rinse solution rather than a final rinse solution as per the protocols 
adapted in this study. Among the solutions of different concentrations of morinda 
citrifolia used in this study 5% morinda citrifolia [Group III] presented with the 
least amount of smear values and was fairly comparable to 5% sodium hypochlorite 
[Group II]. However sodium hypochlorite was more efficient in terms of removal 
of smear. With limitations the results obtained for the 5% morinda citrifolia solution 
used in this study is promising and has got the potential to be a useful and a safe root 
canal irrigant which can be used in lieu of 5% sodium hypochlorite. Further 
development and refinement of this solution with regard to better extraction and 
refinement methodologies without losing out on the tissue compatibility is 
recommended. Also the effect of activation using different techniques can be 
explored to further enhance the performance of this irrigant solution. 
 
  
     
 
 
 
 
 
 
 
 
 
 
SUMMARY 
Summary 
55 
 
Extracted mandibular premolar teeth (n=120) were collected and stored. 
They were cleansed and stored in normal saline. The presence of an intact root with 
a single negotiable canal was established using radiography and standardized. 
Digital radiography was done to assess the canals. The apices were sealed and 
mounted in cups in a rubber base material. 
 They were then divided into two groups namely control groups (n=5) and 
experimental groups (n=8). Eighty two teeth were selectd and utilized  for the 
purpose of study. Access preparation done and the root canals prepared using the 
Protaper gold system with X-Smart plus endomotor unit.  Specific protocols for 
initial irrigant rinse during instrumentation and final rinsing ws followed. Morinda 
citrifolia was comparatively evaluated as a initial rinse solution with 5% sodium 
hypochlorite and 10% citric acid for its effect on smear and debris removal using a 
scanning electron microscope. The images were captured, analysed, and results 
tabulated. Statistical analysis was done. 
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 On a comparative evaluation of smear removal abililty of different 
concentrations of Morinda citrifolia, 5% sodium hypochlorite and 10% citric acid on 
intracanal dentin using Scanning Electron Microscopy in this study the following 
observations are made: 
• Among the experimental groups Group III had the least smear and debris 
values  at all thirds of the root canal with mean values of 2.5 ± 0.32 and 2.4 ± 
0.2 respectively.[Table6 chartVI] The Group IV presented the least amounts 
of erosion among experimental groups at all thirds of the root with a mean 
value of 1.1 ± 0.05 [Table6 chartVI]. Among the experimental groups, 
Group V presented with the highest amount of erosion with loss of 
peritubular and intertubular dentin at all levels with mean values of 1.70 ± 
0.25. [Table 6 chart VI] 
• Group II presented the highest erosion in the coronal, middle and apical one 
thirds with mean values of 2.1 ± 0.23 [Table 6 chart VI]. 
• Group III is reasonably efficient in removal of smear and debris though there 
was a statistically significant difference on comparison with the control 
Group II ( p > 0.05 ).  [Table 6 chart VI]. 
• Within the limitations and protocols used in this it can be concluded that the 
use of 5% Morinda citrifolia as a initial rinse irrigant solution is promising. 
Further evaluation of Morinda citrifolia as a initial rinse solution particularly 
with regard to the extraction and refining method with a view to further 
improve its efficacy as a irrigant is recommended as it is a safe alternative to 
sodium hypochlorite. 
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